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Cochlear implants (CI) allow children with hearing loss (HL) to achieve speech perception and production outcomes that make their spoken
speech understandable to normal hearing adult listeners. This capability is characterize by wide variability of scores. In order to understand the
factors that contribute to the overall variability, we investigated the effects of duration of cochlear implantation on speech intelligibility and
sentence duration over time. Participants were 107 children implanted between the ages of 2 and 4 and tested at 2 time points there they were 8
and 16 years old. Participants repeated McGarr sentences, which vary in length from 3 to 5 to 7 syllables. Recording were analyze using
acoustic software to designate the beginning and end of each sentence in listeners who only heard one sentence from one child. Speech
intelligibility scores were related statistically to the duration of each sentence. Durations of sentences that approximated that of normal hearing
listeners were those with high intelligibility judgment. In addition, it appears that the children with the longest experience of CI use continue to
improve their intelligibility. (Sponsored by NIH).
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INTRODUCTION
Speech intelligibility is a measure of the amount of speech understood by listeners. However, the speech
intelligibility of people with hearing loss (HL) often is diminished, resulting in difficulties during daily human
interactions with normal hearing individuals. Indeed, Gold (1980) reviewed a series of studies and indicated that
“…only about 20% of the speech output of the deaf is understood by inexperienced listeners’’ (p. 397) (Gold, 1980).
When new technologies such as cochlear implantation arrived in the 1990’s, the hearing of individuals with HL
improved and changed communication abilities dramatically, as reflected in improvements in speech intelligibility.
Researchers report that after cochlear implantation, children with HL improve their ability to hear,
perceive and produce speech. These improvements lead to increased speech intelligibility and aid their overall
adaptation to the society (Tobey et al., 1991; Robbins et al., 1995; Miyamoto et al., 1996; Vieu et al., 1998;
O'Donoghue et al., 1999; Archbold et al., 2000; Tobey et al., 2000). Improving communication skills, however,
depends on several factors since there is a great variability on the communication outcomes after cochlear
implantation. For example, several studies demonstrate speech perception and production after cochlear
implantation improves with increased experience using the devices (Mondain et al., 1997; Allen et al., 1998; Peng et
al., 2004; Uziel et al., 2007; Tobey et al., 2011). However, the principles behind the speech intelligibility
improvement and increased variability following cochlear implantation are not well understood.
It has been proposed that the speech intelligibility is associated with the duration of sentences. Osberger
and Levitt (1979) suggested that a reduced speaking rate increases the speech intelligibility since errors such as
excessive prolongation of speech segments, insertion of long pauses, introduction of adventitious sound, failure to
temporally differentiate stressed and unstressed syllables, and failure to modify segment duration as a function of the
phonetic environment, are less likely to occur. It is not completely understood, however, how the duration of
sentences is associated with speech intelligibility in children with cochlear implants. Another factor, which
influences speech intelligibility is the role of context (McGarr, 1981). Judges award higher speech intelligibility
scores when they listen to more predictable versus less predictable sentences. The purpose of this study is to further
explore how increased experience with the cochlear implant influences sentence duration and speech intelligibility
when context and syllabic length of the sentences are varied.

METHODS
Participants
107 children implanted before age of 4 years participated in the study. All participants were from large
cohort of the children composed from the first cochlear implant recipients in North America. They were tested:
first, when they were between 8 and 9 years old and second, when they were between 15 and 16 years of age.
Children were residents of 33 states and 5 Canadian provinces (Geers and Brenner, 2003; Geers, 2006; Geers et al.,
2011).

Materials
The 36 McGarr sentences (McGarr, 1983) were composed of 3, 5 and 7 syllables. Each sentence contained
a monosyllabic key word: half of the sentences contained high predictability key words (high context) and half
contained low predictability (low context) key words (Smith, 1975).

Speech Intelligibility Testing
Children repeated the sentences and their sentences were recorded on a DAT recorder with a microphone
placed 12 inches from the child. Three normal hearing listeners heard, independently, one sentence from one child
and wrote down the words they understood (an average of 108 listeners per child) and the average score was
calculated. Speech intelligibility was defined as the number of correct words over the total words in the sentences.

Duration of Sentences
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The sentences were analyzed using acoustic software to define the beginning and end of each sentence.
The files were displayed as waveforms and duration of sentences was measured between the beginning and the end
of each sentence. Total duration of sentences was computed and then the average duration across the 36 sentences
was calculated in msec.

RESULTS
Relationship between Duration of Sentences and Intelligibility Scores
Figures 1 displays the relationships between duration of sentences and intelligibility scores for the two test
ages of 8 and 16 years. Both correlation analyses revealed a significant negative correlation between children’s
intelligibility scores and duration of sentences at 8 years of age and 16 years of age [for 8 years: r (105) = -0.454, p
< 0.001; for 16 years: r (105) = -0.501, p < 0.001]. These data reinforce previous studies (Monsen, 1978; Osberger
and Levitt, 1979; Tobey et al., 2003; Uchanski and Geers, 2003; Tobey et al., 2011) which showed longer sentence
durations were associated with poorer intelligibility.

FIGURE 1. Scatter plot (n = 107) between duration of sentences and speech intelligibility. Each point indicates data from one
listener. Green dots indicate 16 years and red dots indicate 8 years.

Influence of Cochlear Implant Experience on Speech Intelligibility and Duration of
Sentences
Figure 2a indicates mean speech intelligibility and speech duration as a function of device experience,
context, and number of syllables. In order to evaluate the influence of CI experience on speech intelligibility, a 3way repeated measures ANOVA with follow-up analyses using LSD procedure (p=0.05) was performed between
age (8 versus 16 years), context information (high versus low), and number of syllables (3, 5, 7) as they relate to
speech intelligibility scores. There was a significant main effect of device experience [F (1, 106) = 34.871, p <
0.001], a significant main effect of context [F (1, 106) = 144.434, p < 0.001], and a significant main effect for
number of syllables [F (2, 212) = 27.508, p < 0.001]. There was a significant 3-way interaction [F (2, 212) = 5.146,
p = 0.007, Mse = 97.564]. Examination of the cell means using (LSDmmd = 2.673) indicated that at 8 years of age
there was no significant difference in speech intelligibility between 3 and 5 syllable high context sentences and 3
and 7 syllable high context sentences. However, speech intelligibility of 5 syllable high context sentences was
significantly higher than 7 syllable sentences. For low context sentences, there was no significant difference in
intelligibility between 3 and 5 syllable sentences and both were significantly higher than the speech intelligibility of
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7 syllable low context sentences. However, at 16 years of age, there was no significant difference in intelligibility
between 3 and 5 syllable high context sentences and both were significantly higher than the speech intelligibility of
7 syllable high context sentences. For low context sentences, there was no significant difference in intelligibility
between 5 and 7 syllable sentences and both were significantly lower than the speech intelligibility of 3 syllable low
context sentences.
In order to evaluate the influence of cochlear implant experience on duration of speech, a 3-way repeated
measures ANOVA with follow-up analyses using LSD procedure (p=0.05) was performed between age, context
information, and number of syllables. There was a significant main effect of device experience [F (1, 106) = 98.623,
p < 0.001] and significant main effect for number of syllables [F (2, 212) = 461.145, p < 0.001]. However, there was
no significant effect of context on speech duration. There was a significant 3-way interaction [F (2, 212) = 6.223, p
= 0.002] as shown in Figure 2b. Examination of the cell means using (LSDmmd = 69.55) indicated that as the number
of syllables increased, the total duration of the sentence increased and the increase in durations was higher for 8
years as compared to 16 years.

FIGURE 2. Mean speech intelligibility and speech duration as a function of device experience, context, and number of syllables.
Panel a) indicates speech intelligibility and panel b) indicates speech duration.

Influence of High and Low Context on Speech Intelligibility.
Figure 3 indicates mean speech intelligibility for low and high context sentences for 8 years and 16 years.
A within-groups factorial ANOVA with follow-up analyses using the LSD procedure (p = 0.05) was performed to
evaluate the effect of context and age on speech intelligibility. There was an interaction between age and context as
they relate to speech intelligibility [F (1, 106) = 78.274, p < 0.001]. As hypothesized, the pattern of this interaction
was that while speech intelligibility was consistently higher for high context sentences than the low context
sentences, this effect was smaller at 16 years of age as compared to 8 years age (LSDmmd = 1.595).
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FIGURE 3. Effect of context on speech intelligibility for ages 8 and 16.

DISCUSSION
Data from this study concurs with data previously published by several authors (Monsen, 1978; Osberger
and Levitt, 1979; McGarr, 1981; 1983; Tobey et al., 1991; Robbins et al., 1995; Miyamoto et al., 1996; Mondain et
al., 1997; Allen et al., 1998; Vieu et al., 1998; O'Donoghue et al., 1999; Archbold et al., 2000; Tobey et al., 2000;
Tobey et al., 2003; Uchanski and Geers, 2003; Peng et al., 2004; Uziel et al., 2007; Tobey et al., 2011). Speech
intelligibility is higher for older children than younger children who produce sentences with durations that
approximate those of typical hearing peers. Speech intelligibility for sentences containing high context words is
higher for children with cochlear implants than low context sentences but the difference between high and low
context sentences was greatest in the younger children. Context plays no role in duration measures.
The relationship between speech intelligibility and sentence duration indicates that the longer it takes to
pronounce a sentence, the less intelligible sentence is. This observation is consistent with the findings of others
(Monsen, 1978; Osberger and Levitt, 1979) who showed that children with HL demonstrate phonetic errors in their
speech that makes it less intelligible. Monsen and Osberger reasoned that the speech intelligibility is reduce because
of the decreased speaking rate, long pauses and additional sounds between phonemes and syllables. As the children
acquire 8 years of experience with their devices from the first to second test session, sentence durations become
shorter and speech intelligibility improves. We also found that the contextual information plays a significant role in
the better understanding of the speech, as sentences that contain information that helps the listener to guess the
meaning of the sentence results in higher intelligibility.
It is noteworthy to highlight two results: 1) we did not observe any effect of the contextual information on
the duration of the sentence and 2) we did not observe any effect of the number of syllables over intelligibility when
the number of syllables was lower than 5. Since all the contextual keywords were monosyllabic, it is not surprising
that no contextual influence was observed. Duration of sentences between 3 and 5 syllables of length is not
significantly different, and as a result, their speech intelligibilities are not significantly different either.
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